alterations in the biophysical properties underlying excitability and maximal firing rate of 92 cortical pyramidal neurons 19 . Indeed, we found that the firing rate and amplitude of 93 single unit activity (SUA) increased with age, whereas its half width decreased ( Fig. S2c - as well as interhemispheric gamma frequency coherence was reduced at P38-40 when 140 compared to controls ( Fig. 3d-i) . In contrast, spontaneous activity of mPFC did not differ 141 between controls and ES mice across development ( Fig. S3a-e ), indicating that 142 perturbation of fast neonatal rhythms might solely disrupt the ability of local circuits to 143 respond to activation (i.e. under physiological conditions: stimulus, task). Of note, the 144 reduction of L2/3 driven gamma activity in ES mice occurred towards the end of juvenile 145 development, when dendritic morphology and interneuron number had largely recovered 146 ( Fig. 2d,e ).
147
Gamma activity is thought to affect information processing in adult mPFC and, 148 ultimately, behavior 8,10,11 . Weaker gamma entrainment of prefrontal circuits after 149 interfering with fast oscillatory activity through ES at neonatal age might come along with 150 compromised cognitive abilities. We used a battery of tests to examine mPFC-151 dependent behavior of ES and control mice at P16-36. To avoid confounding effects, we 152 ascertained that ES mice have normal somatic and reflex development ( Fig. S4a) . Their 153 open field behavior was also normal (Fig. S4b ). However, ES mice failed to distinguish 154 between objects in mPFC-dependent novel object and recency recognition tasks, but not 155 in a hippocampus-dependent object location recognition task (Fig. 4a,b and S4c). 156 Moreover, they showed abnormal social interactions as mirrored by reduced interaction 157 time with the mother (Fig. 4c ). Spatial working memory was also impaired as revealed 158 by significant deficits of ES mice in 8-arm maze test ( Fig. 4d ). In contrast, spatial 159 alteration and tail suspension were not affected ( Fig. S4d,e ). Combined analysis of 160 behavioral performance throughout the different tests with support vector classification 161 and 5-fold cross-validation yielded a correct classification of control and ES mice in 77% 8 in the training and 78% in the test data set ( Fig. 4e) interactions within mPFC centered on coordinated activation of L2/3 pyramidal neurons.
190
Boosting this neonatal process through chronic light stimulation of L2/3 pyramidal 191 neurons seems to push the system out of an optimum level of activity and synchrony.
192
The direct consequences are transient structural changes (exuberant dendritic 193 arborization, decreased density of interneurons) that are compensated before adulthood.
194
However, the function of prefrontal circuits appears permanently compromised after ES.
195
The weaker gamma entrainment of adult prefrontal circuits contributes to poorer Methods 22 23 Supplementary Fig.1 (related to Fig. 1) : Spontaneous and L2/3-driven activity in 24 awake and anesthetized mice across development 25 26 Supplementary Fig.2 (related to Fig. 1) : Neurochemical identity and firing patterns in 27 PFC across development.
28 29 Supplementary Fig.3 (related to Fig. 3) : ES effects on spontaneous and L2/3 30 pyramidal neuron-driven activity in anesthetized and awake head-fixed mice across 31 development 32 33 Supplementary Fig.4 (related to Fig. 4) 74 A stimulation window was implanted at P7 for chronic transcranial optogenetic 75 stimulation in mice transfected by in utero electroporation. Mice were placed on a 76 heating blanket and anesthetized with isoflurane (5% induction, 2% maintenance).
Early stimulation (ES)

77
Breathing and pain reflexes were monitored to assess anesthesia depth. The skin above 78 the skull was cut along the midline (3 mm) at the level of the mPFC and gently spread 79 with a forceps, before covering the incision with transparent tissue adhesive (Surgibond, 80 SMI, Belgium). Mice were returned to the dam in the home cage after recovery from 81 anesthesia. From P7-11 mice were stimulated daily under isoflurane anesthesia (5% 82 induction, 2% maintenance) with ramp stimulations of linearly increasing light power 83 (473 nm wavelength, 3 s duration, 7 s interval, 180 repetitions, 30 min total duration).
84
Light stimulation was performed using an Arduino uno (Arduino, Italy) controlled laser 85 system (Omicron, Austria) coupled to a 200 µm diameter light fiber (Thorlabs, NJ, USA) 5 positioned directly above the tissue adhesive window. Light power attenuation was set to 87 reach 10 mW in the brain, adjusted for measured light attenuation by the tissue adhesive 88 (~30%) and by the immature skull (~25%). Control animals were treated identical, but 89 stimulated with light of 594 nm wavelength that does not activate the expressed opsin 90 ChR2(ET/TC). The mouse was placed back in the start arm for 1 min, before a second run. Behavior 212 was quantified as alteration or no alteration between the two arms in the first and second 213 run.
91
Optogenetics and electrophysiology in vivo
214
Tail suspension. Mice were fixed with their tail on a bar 30 cm above ground for 5 min at 215 P21. Behavior was quantified as time spent inactive, passively hanging.
216
Spatial working memory. Mice were positioned in the center of an elevated 8-arm radial 217 maze daily from P23-36. Arms were without walls and 4 arms contained a food pellet at 218 the distal end (baited). On the first day, mice were allowed to examine the maze for 20 219 min or until all arms were visited. During the following days, mice were allowed to 220 examine the maze until all baited arms were visited, but for max 20 min and arm entries 221 were assessed. Visit of a non-baited arm was considered as reference memory error, 222 repeated visit of the same arm in one trial as working memory error. 224 In vivo data were analyzed with custom-written algorithms in Matlab environment. Data 225 were band-pass filtered (500-9000 Hz for spike analysis or 1-100 Hz for LFP) using a 226 third-order Butterworth filter forward and backward to preserve phase information before 227 down-sampling to analyze LFP.
223
Data analysis
